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(54) Process and apparatus for abating effluent gases 

(57) A method and apparatus for abating a com- 
pound in a substrate processing system's effluent 
gases. Hie method of the present invention begins by 
introducing ozone and the effluent gases into an abate- 
ment device's combustion chamber. Energy is then 
applied to the effluent gas and ozone. The application of 
energy, such as thermal or radio frequency energy, then 
causes a reaction in and between the effluent gases 
and the ozone, thereby rendering the compound inert. 
The resultant gases produced are then exhausted out of 
the combustion chamber. 
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Description 

The present invention relates to the abatement of gaseous effluents created during semiconductor substrate 
processing. More specifically, the present invention relates to a method and apparatus for reducing effluent levels in the 
5 gaseous discharge of semiconductor substrate processing equipment by using ozone in the abatement process. 

In recent years, the release of certain gaseous chemical compounds into the environment has become the subject 
of various laws and regulations administered by regulatory agencies such as the Environmental Protection Agency 
(EPA). Many of these compounds are monitored by agencies such as the EPA for potentially harmful effects on the envi- 
ronment. 

10 The semiconductor industry is particularly affected by these concerns because of the numerous kinds of chemicals 
involved in the fabrication of integrated circuits. The release of chlorofluorocarbons (CFCs) and perfluorinated com- 
pounds such as CF 4 , C 2 F 6 and NF 3 (also called perfluorocarbons, or PFCs). which are used in semiconductor process- 
ing operations such as thin film etching, chemical vapor deposition (CVD) and the cleaning of processing chambers, 
among other operations, is regulated by the EPA. Also regulated is the release of nitrogen oxide (NOx) compounds, 

is which may be emitted by certain semiconductor processing systems. 

Illustrated in Fig. 1 is a substrate processing system 100 of the prior art capable of carrying out one or more proc- 
esses that may discharge such effluent gases, such as CFCs, PFCs, nitrogen oxides and ozone (e.g., a CVD system). 
The process gases required for the process being performed are introduced into a processing chamber 1 05 via process 
gas lines 1 10(1)-(M). These process gases are then energized (e.g., thermally or by radio-frequency (RE) energy), to 

20 promote reactions that form the desired layer(s) on one or more substrates (not shown) disposed within processing 
chamber 105. The CFCs, PFCs, nitrogen oxides and other effluent gases generated by these reactions, along with 
unreacted portions of the process gases, are removed from processing chamber 105 by a vacuum pump (not shown) 
and are exhausted through effluent line 120 into an abatement device 130. Optionally, one or more combustion Nets 
may be introduced into a combustion chamber (not shown) of abatement device 130 via combustion fuel lines 140(1)- 

25 (N). In the combustion chamber, chemical reactions occur between the effluent gases and optional combustion fuels. 

One technique commonly used in the abatement of effluent gases is thermal abatement. Thermal abatement 
devices use thermal energy sources such as an open flame or electric arc to promote the chemical reactions that con- 
vert the undesirable compounds into less volatile, environmentally safer compounds. If a thermal abatement technique 
is employed, various combustion fuels may be introduced into the combustion chamber along with the effluent gases to 

30 further promote the decomposition of undesirable compounds. Which combustion fuels are used, if any, depends on the 
abatement technique employed. Combustion fuels such as oxygen-containing gases (e.g., oxygen or air) and hydrogen 
are often employed due to their reactivity and the high heat produced by their reactions with each other and various 
effluent gases. 

Another common abatement technique is the use of RF energy to dissociate compounds within the effluent gas 

35 stream. An example of this is a plasma technique in which a plasma is formed from effluent gases introduced into the 
combustion chamber. This ionization promotes decomposition of undesirable compounds within the effluent gases, 
converting them into safer, more tractable compounds. 

Regardless of the abatement technique employed, energy is applied to the effluent gases and optional combustion 
fuels to promote combustion. The by-products of the abatement reactions are then exhausted along with any unreacted 

40 gases. Depending upon the configuration, more abatement operations may be performed to further reduce levels of 
undesirable compounds within the exhaust gases, using methods such as water scrubbing, catalysis and filtering. For 
example, Fig. 1 shows abatement device 130 connected to a water scrubber 150. In water scrubbing, effluent gases 
are brought into contact with water, using methods such as bubbling the effluent gases through the water, sending the 
effluent gases through a water spray or the like. Certain of the effluent gases then react with the water, forming inert or, 

45 at least, less hazardous compounds. Alternatively, the exhaust gases may be discharged directly into the atmosphere. 
However, regardless of the abatement technique employed, several types of compounds in an effluent gas stream may 
not be abated sufficiently using traditional techniques. This is particularly true of PFCs. Moreover, newer methods capa- 
ble of abating these compounds such as plasma abatement are often expensive and require large amounts of energy. 
As illustrated in Fig. 1, substrate processing system 100 may also include an ozone generator 160 that generates 

so ozone (O3) for use in some substrate processing operations. For example, substrate processing system 100 might be 
capable of depositing a silicon oxide film (SiOx). Such a film may be deposited at atmospheric pressure and at a tem- 
perature as low as 250°C by reacting tetraethylorthosilicate (Si(C2H 5 0)4), also called tetraethoxysilane (TEOS), with 
ozone. TEOS/ozone silicon oxide films are desirable because they exhibit smooth oxide profiles over steps, good filling 
of high aspect-ratio gaps (i.e., gaps with a high depth-to-width ratio) and desirable electrical characteristics. A 

55 TEOS/ozone process is suitable for depositing silicon oxide films for applications such as intermetal dielectrics. The 
thermal reaction that takes place between TEOS and ozone is given by: 
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Si(C 2 H 5 0) 4 + 8O3 > Si0 2 + 10H 2 O + 8C0 2 

5 

Ozone generator 160 may use any one of several ozone generation techniques. For example, ozone generator 160 
might use an electric arc technique, generating ozone by passing an oxygen-containing gas through an electric arc. An 
example of an ozone generation system employing this method is AX8200A from Astex, Inc., of Woburn, MA. Normally, 
in processes such as the TEOS/ozone process described above, ozone is generated continuously throughout operation 
10 of the chamber to maintain stable process parameters and flow rates, rather than simply shutting down ozone generator 
160. 

Thus, ozone is directed to processing chamber 105 when the process being performed requires ozone. However, 
when the process being performed does not require ozone or when a substrate is not being processed (e.g., while a 
substrate is being transferred into or out of the chamber or during the cleaning of processing chamber 105), a bypass 

15 valve 170 directs the unused ozone through a bypass line 180 that feeds into an ozone abatement device 190. Ozone 
abatement device 190 normally renders ozone inert by converting the ozone into oxygen. Such conversion methods 
include thermal abatement, ultraviolet (UV) catalysis (in which the ozone is photolytically decomposed) and chemical 
catalysis (in which ozone is chemically decomposed by reaction with a compound such as manganese dioxide (Mn0 2 )). 
As is evident from the above, it is desirable, from both a regulatory and an environmental perspective, to reduce or 

20 eliminate the effluents emitted by substrate processing equipment, such as CFCs, PFCs, nitrogen oxides and ozone. It 
is also desirable to provide more effective abatement of these compounds using the facilities already available in certain 
substrate processing systems. Moreover, it is desirable to increase abatement efficiency, in terms of power and fuel 
consumed in the abatement process. 

Aside from its use in processing substrates, ozone has also found use in the abatement of various toxic or undesir- 

25 able chemicals. For example, ozone has been employed in the destruction of certain chemical weapons, combining with 
the lethal chemical components to render them inert. Ozone has also been used to decontaminate soil containing solid 
or liquid wastes, when such wastes include organic contaminants amenable to photodegradation. However, ozone has 
not been used in the abatement of the effluent gases generated by substrate processing systems. 

The present invention solves the above problems of the prior art by providing a method and apparatus that employs 

30 ozone to abate effluents such as CFCs, PFCs and nitrogen oxides exhausted from a substrate processing system. The 
introduction of ozone provides more efficient abatement of such effluents than previous solutions. 

According to the method of the present invention, a process for abating a compound in a substrate processing sys- 
tem's effluent gases begins by introducing ozone and the effluent gases into an abatement device's combustion cham- 
ber. Energy is then applied to the effluent gases and ozone to render the compound inert. The application of energy 

35 promotes a reaction in and between the effluent gases and the ozone, thereby producing resultant gases that are 
exhausted out of the combustion chamber. In a preferred embodiment, the method of the present invention employs 
thermal energy to promote the reaction between the ozone and the effluent gases. Alternatively, RF energy may be 
applied to abate such compounds by creating a plasma from the effluent gases and ozone. 

The method of the present invention is particularly beneficial when employed in systems that already include an 

40 ozone generator to generate ozone for use as a process gas. Such systems may be modified to take advantage of the 
method of the present invention. Rather than shunt excess ozone provided by the ozone generator to a dedicated 
ozone abatement device, the excess ozone may be used instead to abate effluent gases from the system by directing 
the excess ozone to the abatement device for the effluent gases. This obviates the need to abate the ozone separately 
and improves the abatement of the other effluent gases generated by the system. 

45 Another aspect of the present invention is a substrate processing system which includes an effluent gas abatement 
system that uses ozone to help abate a compound in effluent gases generated during the substrate processing sys- 
tem's operation. The substrate processing system includes a substrate processing chamber having a first outlet for 
exhausting effluent gases; an abatement unit coupled to the first outlet of the substrate processing system; and an 
ozone source. An outlet of the ozone source is coupled to the abatement unit so that ozone is provided to the abatement 

so unit to improve effluent gas abatement. An ignition device may also be provided to create and maintain a reaction in and 
between the effluent gases, ozone and other optional combustion fuels to render the compound inert. In a substrate 
processing system which already includes an ozone source (e.g., an ozone generator), that ozone source is preferably 
connected to the abatement unit rather than connecting a separate ozone source. 

Further preferred embodiments of the invention and the features thereof are given in the appended claims and sub- 

55 claims. 

Preferred embodiments of the invention will now be described in detail in conjunction with the accompanying draw- 
ings in which 
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Fig. 1 is a block diagram of a substrate processing system of the prior art; 

Fig. 2 is a vertical, cross-sectional view of one embodiment of a simplified chemical vapor deposition (CVD) appa- 
ratus capable of generating the effluenfgases which may be abated according to the present invention; 
Fig. 3 is a block diagram of a substrate processing system employing a first embodiment of the method of the 
5 present invention to abate undesirable compounds in an effluent gas stream; 

Fig. 4 is a flow diagram illustrating steps undertaken in abating gaseous effluents using ozone according to an 
embodiment of the process of the present invention; and 

Fig. 5 is a block diagram of a substrate processing system employing a second embodiment of the method of the 
present invention to abate undesirable compounds in an effluent gas stream. 

10 

I. Introduction 

The method of the present invention enhances abatement of certain undesirable compounds in effluent gases gen- 
erated during the operation of a substrate processing system by Introducing ozone into the abatement process. In a 
15 preferred embodiment of the present invention, ozone is introduced upstream of or directly into an abatement device. 
The abatement technique of the present invention may be practiced with any substrate processing system that uses or 
generates compounds such as CFCs, PFCs, nitrogen oxides and the like. In systems that employ ozone in the process- 
ing of substrates, ozone not used in processing can be used to practice the method of the present invention, thereby 
increasing abatement efficiency and obviating the need for separate ozone abatement equipment. 

20 

II. An Exemplary CVD System 

One suitable CVD system, for which the method of the present invention can be used to abate effluent gases, is 
shown in Fig. 2, which is a vertical cross-sectioned view of a simplified, parallel-plate plasma-enhanced chemical vapor 

25 deposition (PECVD) system 10 having a vacuum chamber 15. CVD system 10 contains a gas distribution manifold 1 1 
for dispersing process gases through perforated holes in manifold 1 1 to a wafer (not shown) that rests on a susceptor 
12. Susceptor 12 is highly heat responsive and is mounted on supports 13 so that susceptor 12 (and the wafer sup- 
ported on the upper surface of susceptor 12) can be moved controllably between a lower loading/off-loading position 
and an upper processing position 14 that is closely adjacent to manifold 1 1 . A center board (not shown) includes sen- 

30 sors for providing information on the position of the wafer. 

When susceptor 12 and the wafer are in processing position 14, they are surrounded by a baffle plate 17 having a 
plurality of spaced holes 23 that exhaust into an annular vacuum manifold 24. Deposition and carrier gases are supplied 
through supply lines 1 8 into a mixing system 1 9, where they are combined and then sent to manifold 1 1 . Generally, sup- 
ply lines 1 8 for each of the process gases include (I) safety shut-off valves (not shown) that can be used to automatically 

35 or manually shut off the flow of process gas into the chamber, and (ii) mass flow controllers 20 that measure the flow of 
gas or liquid through the supply lines. When toxic gases are used in the process, the several safety shut-off valves are 
positioned on each gas supply line in conventional configurations. The rate at which deposition and carrier gases are 
supplied to gas mixing system 19 is controlled by liquid or gas mass flow controllers 20 and/or by valves. During 
processing, gas supplied to manifold 11 is vented toward and uniformly distributed radially across the surface of the 

40 wafer in a laminar flow as indicated by arrows 21 . An exhaust system exhausts effluent gas, which includes unreacted 
process gases 'and products and by-products of the reactions, via ports 23 into the circular vacuum manifold 24 and 
out an exhaust line 31 by a vacuum pump system (not shown). The rate at which effluent gases are released through 
exhaust line 31 is controlled by a throttle valve 32. 

The deposition process performed in CVD system 1 0 can be either a thermal process or a plasma-enhanced proc- 

45 ess. In a plasma process, a controlled plasma is formed adjacent to the wafer by RF energy applied to manifold 1 1 from 
RF power supply 25. Manifold 1 1 is also an RE electrode, whereas susceptor 12 is grounded. RF power supply 25 can 
supply either single or mixed frequency RF power (or other desired variation) to manifold 1 1 to enhance the decompo- 
sition of reactive species introduced into chamber 15. The mixed frequency RF power is generated by a high frequency 
RE generator 40 (RF1) and corresponding match circuit 42, and a low frequency RF generator 44 (RF2) and corre- 

50 sponding match circuit 46. A high frequency filter 48 prevents voltage generated by high frequency generator 40 from 
damaging the low frequency generator. 

Heat is distributed by an external lamp module 26. External lamp heater module 26 provides a collimated annular 
pattern of light 27 through a quartz window 28 onto an annular peripheral portion of susceptor 1 2. Such heat distribution 
compensates for the natural heat loss pattern of the susceptor and provides rapid and uniform heating of the susceptor 

55 and wafer for effecting deposition. 

Typically, any or all of the chamber lining, gas distribution manifold faceplate, supports 1 3 and various other reactor 
hardware are made out of material such as aluminum or anodized aluminum. An example of such a CVD apparatus is 
described in U.S. Patent No. 5,000,1 13 entitled "Thermal CVD/PECVD Reactor and Use for Thermal Chemical Vapor 
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Deposition of Silicon Dioxide and In situ Multi-step Planarized Process," issued to Chang et al. and assigned to Applied 
Materials, Inc., the assignee of the present invention, which is incorporated herein by reference for all purposes. 

A motor (not shown) raises and lowers susceptor 12 between a processing position 14 and a lower, wafer-loading 
position. Motors and optical sensors are used to move and determine the position of movable mechanical assemblies 

5 such as throttle valve 32 and susceptor 12. The heater, motors, valves or flow controllers 20 connected to supply lines 
18, gas delivery system, throttle valve 32, RF power supply 25 and lamp magnet drivers are all controlled by a system 
controller 34 over control lines 36 of which only some are shown. 

System controller 34 controls all of the activities of the CVD machine. The system controller executes system con- 
trol software, which is a computer program stored in a computer-readable medium such as a memory 38. Preferably, 

w memory 38 may be a hard disk drive, but memory 38 may also be other kinds of memory. The Computer program 
includes sets of instructions that dictate the timing, mixture of gases, chamber pressure, chamber temperature, RF 
power levels, susceptor position and other parameters of a particular process. Of course, other computer programs 
such as one stored on another memory device including, for example, a floppy disk or other another appropriate drive, 
may also be used to operate processor 34. 

is In a preferred embodiment, the system controller includes a hard disk drive (memory 38), a floppy disk drive and a 
card rack. The card rack contains a single board computer (SBC) processor 37, analog and digital input/output boards, 
interface boards and stepper motor controller boards. Various parts of CVD system 10 conform to the Versa Modular 
European (VME) standard, which defines board, card cage and connector dimensions and types. The VME standard 
also defines the bus structure having a 1 6-bit data bus and 24-bit address bus. 

20 The above description is mainly for illustrative purposes and should not be considered as limiting the scope of the 
present invention. Variations of the above described system such as variations in supporter design, heater design, loca- 
tion of RF power connections and other variations are possible. Additionally, other types of substrate processing equip- 
ment normally produce such effluent gases during cleaning (usually done with a fluorine-containing compound, giving 
rise to CFC and PFC emissions) and other processes, and so may benefit from the method of the present invention. 

25 For example, other CVD equipment, such as electron cyclotron resonance (ECR) plasma CVD equipment, induction- 
coupled RF high-density plasma CVD (HDP-CVD) equipment, sub-atmospheric CVD (SACVD) equipment, atmos- 
pheric CVD (APCVD) equipment and the like produce such effluents. An abatement system according to the present 
invention may also be used to abate effluents generated by these CVD systems and by other substrate processing 
equipment such as certain etching and diffusion equipment. The abatement of effluent gases according to the present 

30 invention is not limited to any specific substrate processing system or method. 

III. Ozone-Enhanced Abatement of Undesirable Compounds in Effluent Gases 

The method of the present invention introduces ozone into an effluent stream exhausted from a substrate process- 
35 ing chamber, such as the exemplary chamber described above, to provide more complete and more efficient abatement 
of undesirable compounds (e.g., CFCs and PFCs) in the effluent stream. Other combustion fuels such as hydrogen and 
oxygen (e.g., air) can also be added to further aid the abatement process. 

The present invention is particularly advantageous in systems that include an ozone generator. In such a case, the 
generator may serve as the source of ozone for the abatement process. This arrangement has the additional benefit of 
40 obviating the need for separate ozone abatement equipment. Details of two different substrate processing systems that 
utilize the present invention are described below. 

A. Ozone-Enhanced Abatement in Systems that Do No Use Ozone for Substrate Processing 

45 Fig. 3 shows a first embodiment of a substrate processing system 200, which does not employ ozone during the 
processing of substrates. The required process gases are introduced into a processing chamber 205 via process gas 
lines 210(1)-(M). These process gases are then energized to promote reactions that form the desired layer(s) on one 
or more substrates (not shown) disposed within processing chamber 205. The process gases may be energized by any 
one of a number of methods, including but not limited to thermal, RF plasma, direct-current plasma and inductively cou- 

50 pled plasma techniques. The effluent gases thus generated are exhausted through effluent line 220 into an abatement 
device 230. Optionally, one or more combustion fuels may be introduced into a combustion chamber (not shown) of 
abatement device 230 via combustion fuel lines 240(1 )-(N). 

As shown in Fig. 3, substrate processing system 200 does not include ozone generator 160, ozone abatement 
device 190 or their associated gas delivery lines, as shown in Fig. 1 . Instead, an ozone generator 310 supplies ozone 

55 to an abatement device 230 via an ozone supply line 320. In this configuration, ozone is introduced directly into a com- 
bustion chamber (not shown) of abatement device 230. Alternatively, ozone may be supplied to abatement device 230 
via an alternative ozone supply line 330, which introduces the ozone upstream of the combustion chamber. Alternative 
ozone supply line 330 should not be used, however, if the substrate processing operations employ precursors requiring 
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ozone, such as those which use silane or deposit nitrides. Otherwise, the ozone introduced via alternative ozone supply 
line 330 may react with unreacted precursors, forming residues which could clog effluent line 220. 

The gaseous mixture then flows into the combustion chamber, where energy is applied to promote reactions in and 
between the effluent gases, ozone and optional combustion fuels. These reactions are believed to convert CFCs, PFCs 

5 and other undesirable compounds in the effluent gases into inert or less hazardous compounds. The by-products of 
these abatement reactions are then exhausted along with any unreacted gases. Depending upon the configuration, 
additional abatement operations may be performed to further reduce levels of undesirable compounds within the 
exhaust gases, using methods such as water scrubbing, catalysis and filtering. For example, Fig. 3 shows abatement 
device 230 connected to a water scrubber 250. Alternatively, the output of abatement device 230 may simply be 

10 exhausted into the atmosphere. 

In a preferred embodiment, abatement device 230 is a thermal abatement device. An open-flame thermal abate- 
ment device (known colloquially as a "bum-box") is preferable because such an abatement technique is in common 
use, employs relatively inexpensive equipment and benefits the most from the method of the present invention, both in 
terms of thoroughness and abatement efficiency. Such an abatement device is preferably operated at combustion 

is chamber temperatures of between about 300°C and 900°C. In other embodiments, RE plasma, microwave, ECR, elec- 
tric arc or other abatement methods may be employed. 

The process performed by the apparatus illustrated in Fig. 3 is described in the flow diagram shown in Fig. 4. The 
description of the steps shown in Fig. 4 is made with reference to the components shown in Fig. 3. The process of abat- 
ing effluent gases using ozone begins at step 400 where ozone is generated by ozone generator 310. At step 410, the 

20 ozone is combined with effluent gases. This may occur, as previously noted, in the combustion chamber of abatement 
device 230 or upstream of abatement device 230. Optionally, other combustion fuels (e.g., hydrogen) may also be intro- 
duced into the combustion chamber via combustion fuel lines 240(1)-(N) at step 420. In a thermal abatement process 
such as that described, the use of hydrogen as a combustion fuel is preferable. The use of hydrogen provides higher 
combustion temperatures and more stable by-products than other commonly used combustion fuels. For many proc- 

25 esses, the use of ozone is believed to reduce the quantities of combustion fuels required during the abatement process, 
should combustion fuels be employed. Energy consumption is thought to be similarly reduced in abatement processes 
such as plasma abatement. As in a traditional abatement process, energy is then applied to promote a reaction within 
the effluent gases, ozone and optional combustion fuel gases at step 430. Finally, the by-products of these reactions, 
along with unreacted gases, are exhausted from abatement device 230 at step 440. 

30 As previously discussed, the inclusion of ozone in the abatement process according to the method of the present 
invention is believed to be useful for abating CFCs, PFCs and nitrous oxide among other gases. For example, the abate- 
ment of PFCs (e.g., C 2 F 6 , CF 4 , CHF 3 , and NF 3 ), nitrogen oxides (NOx compounds, N 2 0 and NxOy compounds), arsine 
(AsH 3 ), phosphine (PH 3 ) and carbon monoxide (CO) is thought to be improved by the inclusion of ozone in the abate- 
ment process. The reactions that occur during the abatement of such gases depend on the actual compound being 

35 abated, on the composition of other gases that may be present in the effluent gas stream and on the composition of 
other combustion fuels introduced into the abatement device. Hydrogen is believed to be a particularly useful combus- 
tion agent for the abatement of C 2 F 6 , CF 4 , CHF 3 and NF 3 and other compounds. 

The compounds listed above are for exemplary purposes only and are not intended to limit the scope of the claims. 
The method of the present invention is applicable in the abatement of other gases not listed and can also be used in 

40 the abatement of other toxic or otherwise undesirable substances. Again, certain of the products of the abatement proc- 
ess and certain unreacted intermediate compounds formed thereby may be removed by water scrubbing or similar 
techniques. 

The use of ozone improves the abatement of compounds such as CFCs, PFCs and nitrogen oxides for several rea- 
sons. First, ozone's reactivity is greater than that of traditional combustion fuels such as oxygen, thereby further pro- 

45 moting chemical reactions. Second, the use of ozone promotes higher combustion temperatures, which lead to the 
improved combustion of effluent gases. This is particularly true where the combustion process employs hydrogen. The 
higher combustion temperatures fostered by this combination also translate into an abatement process having greater 
efficiency than abatement processes that do not employ ozone. In the preferred embodiment, hydrogen is also used to 
promote abatement reactions by further increasing combustion temperature. 

so The addition of ozone to the abatement process is also believed to provide other benefits. For example, due to 
ozone's higher reactivity, the consumption of combustion fuels such as hydrogen and the power levels required in 
plasma abatement devices may be reduced. The generation of ozone is also relatively a simple process and can use 
air, an oxygen/nitrogen mixture, pure oxygen or other oxygen compounds as a source of oxygen. Thus, fuel is readily 
available for an ozone-based abatement process. 

55 Another problem addressed by the inclusion of ozone in the abatement process is the accumulation of unstable 
residues on the interior surfaces of the system's exhaust lines. By adding ozone to the effluent stream, it is believed that 
these unstable residues will be oxidized, thus becoming less reactive. Minimizing the accumulation of residues also 
reduces problems with clogged exhaust lines. Given the volatile nature of certain of these residues, not only is system 
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throughput increased, but worker safety is also improved. For example, accumulations of silane (SiH 4 ) and condensed 
polysilanes (Si x H 2x+ 2) are prone to violent combustion. If not abated, these compounds may accumulate within the 
exhaust lines leading from the combustion chamber and so present a danger to those who clean such equipment. As 
noted, the high temperatures which exist in the combustion chamber prevent condensation of the water generated by 
5 these reactions. The silicon oxide created in such reactions is expected to be in the form of fine, dust-like particles, 
which would be carried out of the combustion chamber by the flow of gases therein. 

B. Ozone-Enhanced Abatement in Systems Using Ozone as a Process Gas 

10 In substrate processing systems that use ozone as a process gas, the conversion of existing equipment to a con- 
figuration employing the method of the present invention provides the aforementioned advantages while offering addi- 
tional benefits, such as fewer system components and reduced downtime. Fig. 5 shows a second embodiment of 
substrate processing system 200, which makes use of ozone in the processing of substrates in a manner similar to that 
of substrate processing system 100 (shown in Fig. 1). In this configuration, ozone generator 310 provides ozone to a 

15 bypass valve 500. Bypass valve 500, as noted, is capable of directing the ozone stream to processing chamber 205 and 
a bypass line 510. Unused ozone directed through bypass line 510 by bypass valve 500 is normally abated using an 
ozone abatement device. 

In a substrate processing system employing the method of the present invention, however, a separate ozone abate- 
ment device is not required to abate this unused ozone. In an abatement system of the present invention, unused ozone 

20 introduced into the combustion chamber reacts with ozone-reactive compounds present in the effluent stream, as 
noted. This reaction abates both the compound and the ozone. As has also been noted, ozone may be abated by con- 
version into oxygen using a thermal process of the type that goes on continuously within abatement device 230. Thus, 
even when no ozone-reactive compounds are present in the effluent stream, unused ozone introduced into the com- 
bustion chamber continues to be abated. 

25 Because systems such as substrate processing system 200 already include an ozone generator, only simple mod- 
ifications are required to take advantage of the method of the present invention. For example, this might entail connect- 
ing bypass line 510 either directly to abatement device 230, or to effluent line 220, via an alternate bypass line 520. 
However, alternate bypass line 520 should not be used in conjunction with substrate processing operations which 
employ precursors requiring ozone, such as those which use silane or deposit nitrides. Otherwise, the ozone introduced 

30 into effluent line 220 via alternate bypass line 520 could react with any unreacted precursors, forming residues which 
could clog effluent line 220. The system control software would also need revision to properly control the substrate 
processing system. The abatement process performed in such a system parallels that described in Fig. 4. 

Bypass valve 500 need not simply be binary in nature. For example, bypass valve 500 may direct ozone to abate- 
ment device 230 at a minimum flow rate, regardless of the flow rate required in substrate processing operations in 

35 processing chamber 205. Another possibility is directing ozone to abatement device 230 only when there is excess 
ozone to be abated or when the gases supplied to processing chamber 205 require abatement using ozone. In the latter 
case, an example would be supplying ozone to abatement device 230 during the cleaning of processing chamber 205 
using a PFC such as C 2 F 6 . Numerous other configurations for supplying ozone to abatement device 230 would be obvi- 
ous to one skilled in the art and are intended to be within the scope of the invention described herein. 

40 By employing the method of the present invention, the number of components required in substrate processing sys- 
tem 200 may thus be reduced. Not only does the present invention obviate the need for ozone-specific abatement 
equipment, equipment used to abate other compounds in the effluent gas stream may also become unnecessary. For 
example, certain current abatement systems filter out PFCs. When the filter becomes "full" of PFCs, the filter is simply 
discarded (including the captured PFCs). 

45 Given the capabilities of a process according to the present invention, such a filtering device might be rendered 
unnecessary, leading to a reduction in the amount of solid waste generated. Without the need to interrupt processing 
operations (e.g., while a filter is changed), substrate processing system throughput would be increased via a reduction 
in downtime. Finally, the configuration shown in Fig. 5 not only provides more efficient abatement of the effluent gases 
created during substrate processing, but also reduces the complexity of the system, leading to a reduction in the 

so number of components employed and an attendant increase in throughput. 

The method of the present invention is not intended to be limited by the specific parameters set forth in the above 
experiments. A person of ordinary skill in the art will realize that different processing conditions and reactant sources 
can be used without departing from the spirit of the invention. A variety of substrate processing equipment may benefit 
from the method of the present invention. Other equivalent or alternative methods of using ozone to abate effluent 

55 gases created by substrate processing equipment according to the present invention will be apparent to those skilled 
in the art. These equivalents and alternatives are intended to be included within the scope of the present invention. 
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I. A process for abating a first compound including a chlorofluorocarbon, a perfluorocarbon or a nitrogen oxide, said 
first compound being in an effluent gas exhausted from a substrate processing chamber, said process comprising 

5 the steps of introducing the effluent gas into a combustion chamber communicatively coupled to the substrate 
processing chamber; introducing ozone into said combustion chamber; and applying energy to said ozone and the 
effluent gas in said combustion chamber to promote a reaction between said ozone and said first compound, 
thereby producing a second compound which is different from said first compound. 

10 2. The process of claim 1 , wherein said process further comprises the step of introducing hydrogen into said combus- 
tion chamber to promote said reaction. 

3. The process of claim 1 , wherein said process further comprises the step of introducing an oxygen-containing sub- 
stance into said combustion chamber to promote said reaction. 

15 

4. The process of claim 1 , wherein said energy applied is thermal energy or an electric discharge or radio frequency 
energy which creates a plasma from the effluent gas and said ozone. 

5. The process of claim 1 , wherein said reaction proceeds at a temperature of between about 300° C and 900° C. 

20 

6. The process of claim 1, wherein operation of the substrate processing chamber requires ozone for a substrate 
processing operation, wherein said ozone is generated by an ozone generator communicatively coupled to the sub- 
strate processing chamber, wherein said step of introducing ozone into said substrate processing chamber 
includes routing excess ozone from said generator into said combustion to bypass the substrate processing cham- 

25 ber and wherein the excess ozone is preferably abated in said combustion chamber. 

7. A substrate processing system having an effluent gas abatement system for abating a first compound in effluent 
gases generated during the operation of the substrate processing system, said substrate processing system com- 
prising: 

30 

a substrate processing chamber having an outlet from which effluent gases are exhausted; 
- an abatement unit coupled to said outlet of said substrate processing chamber for abating said effluent gases; 
and 

an ozone source, coupled to an inlet of said abatement unit, for providing ozone to said abatement unit to 
35 improve abatement of said effluent gases. 

8. The apparatus of claim 7, wherein said outlet of said ozone source is configurable, thereby enabling said ozone 
source to provide ozone to said substrate processing system and to said abatement unit. 

40 9. An abatement device for abating an effluent gas exhausted from a substrate processing system, comprising: 

a combustion chamber having a first inlet for receiving the effluent gas, a second inlet for receiving ozone, and 
an outlet for exhausting a resultant gas; 
a source of ozone coupled to said second inlet; and 
45 an energy source coupled to said combustion chamber for supplying energy to the effluent gas and said ozone. 

10. The apparatus of claim 9, wherein said first inlet and second inlet are the same. 

I I . The apparatus of claim 7 or 9, wherein said abatement unit comprises: an ignition device for promoting a reaction 
so between said ozone and said first compound. 

12. The apparatus of claim 7 or 9, wherein said ignition device is a thermal energy source or an electrical discharge 
apparatus or a radio frequency energy source which creates a plasma from the effluent gas and said ozone. 

55 
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